Aims-To determine the clinical performance of three cerebrospinal fluid (CSF) IgG synthesis formulae using data obtained from two quantitation methods. Methods-Receiver operator characteristic (ROC) analysis and decision index plots were used to compare a rate nephelometric (RN) and a rocket immunoelectrophoretic (RIEP) method for quantitating albumin and IgG for use in CSF IgG synthesis formulae. Further analysis was used to determine the most clinically accurate of these formulae for a diagnosis of multiple sclerosis with regard to technical accuracy and cost effectiveness. Results-Values for albumin and IgG determined by RN gave better sensitivities and specificities than the RIEP method when applied to all three formulae; however, when the 95% confidence limits were considered, the difference was not significant. Using the RN method with an agreed "rule in" threshold value of 90% specificity, the IgG index gave the best clinical performance. Conclusion-ROC curve analysis and decision index plots provide valuable tools in assessing and comparing the clinical performance of new and existing laboratory assays.
and CSF samples including electroimmunodiffusion,3 radial immunodiffusion,4 rocket immunoelectrophoresis,5 and automated nephelometric immunoassay. 6 The presence of oligoclonal bands seems to be the most informative of these laboratory tests; however, many diagnostic laboratories use a combination of oligoclonal band detection and one or more of the formulae.
A diagnostic laboratory should always be reviewing the clinical performance and cost effectiveness of existing assays in the light of newer and better ones which may be added to the laboratory's repertoire of tests and the old tests eliminated. A laboratory test's clinical performance is its ability to classify subjects correctly into clinically relevant groups. 7 The diagnostic accuracy of a test is one way of measuring this. Receiver operating characteristic (ROC) curves are an excellent method of assessing diagnostic accuracy of one or a number of tests by demonstrating the limits of a test's ability to discriminate between different health states over a range of test result values. Once a ROC curve has been plotted, other decision analyses can be made, including the appropriate decision levels to be used. 78 Here we describe the use of ROC curve analysis in evaluating an automated method for the quantitation of IgG and albumin (rate nephelometry). Other laboratory characteristics of method performance were also used to help in the decision process. Further analysis was used to re-evaluate the clinical performance of the intrathecal IgG synthesis formula used in our laboratory and to determine the best decision values for the group of patients being studied.
Multiple sclerosis is a relapsing and remitting demyelinating disease of the central nervous system in which early diagnosis is helpful in its clinical management. Although no specific laboratory tests exist, there are a number of biochemical tests which can be used as an aid to support its diagnosis. Decision index plots were also determined for each formula using the two methods of quantitation to obtain the optimum threshold value. This index gives the best compromise between the true positive rate (sensitivity) and false positive rate (1 -specificity) and is calculated as sensitivity+ specificity -1 (Youden J index) for each cut off value.'4 The sensitivity and specificity for each formula using the two methods with their respective 95% confidence limits, obtained from Geigy Scientific tables,'5 was determined at each optimum threshold value.
DETERMINATION OF THE BEST DECISION LEVEL
A decision threshold of 90% specificity was determined for the three formulae using quantitation by rate nephelometry. Sensitivity and positive and negative predictive values and test efficiency for the three formulae were also determined at this decision level (cut off level). '4 DEFINITIONS Sensitivity is defined as the proportion of true positive test results in the patients with a diagnosis of multiple sclerosis (also known as the true positive rate (TPR)) and the specificity is the percentage of true negative test results in the group ofpatients without multiple sclerosis. The false positive rate (FPR) is 1-specificity. The positive and negative predictive values are defined as the proportion of all positive or negative tests results which correctly indicate multiple sclerosis or not multiple sclerosis, respectively. The positive (PVP) and negative (PVN) predictive values were calculated using the following formulae: Comparison of the decision plots again showed that the formulae using rate nephelometry gave higher decision index values than with rocket immunoelectrophoresis (fig 2; only IgG index and IgG ratio shown). However, the optimum decision value for each of the formulae was different using the two methods; the best value for the IgG index using rate nephelometry was 059 compared with 0f81 for rocket immunoelectrophoresis and for the IgG ratio these values were 019 and 0O26, respectively. The sensitivity and specificity at the optimum decision value of each formula using the two methods demonstrated that rate nephelometry always gave higher sensitivities with somewhat similar specificities. When the 95% confidence limits were applied there was no clear cut difference between sensitivities and specificities using the two methods (table 2) . Using these various analyses it can be seen that the rate nephelometry method gave a slightly CSF ratio cut off value 
COMPARISON OF LABORATORY CHARACTERISTICS
The cost of a ratio/index was more expensive using rate nephelometry than rocket immunoelectrophoresis in terms of consumables used and equipment service/breakdown. Rate nephelometry showed greater precision and reproducibility than rocket immunoelectrophoresis; it also required less hands on time to perform and a result was obtained in one third less time. Both methods required a similar level of competency and responsibility from the operator. Standardisation and quality control for rocket immunoelectrophoresis was sensitive to operator variations whereas the automated rate nephelometry method had built in standardisation and quality control modules. Technically, the rocket immunoelectrophoresis method was more difficult to perform being subject to both experimental and operator variation (table 4) .
Discussion
In diagnostic laboratory medicine there is always an on-going process of evaluating current assays in the light of newer ones. Here we describe the process we used to compare the clinical performance of two methods for quantitating IgG and albumin for use in three IgG synthesis formulae used as an aid to the diagnosis of multiple sclerosis. The process was first to calculate the sensitivity and specificity of each method for each formula using a clinical diagnosis ofmultiple sclerosis as our gold standard over a range ofcut offvalues. From this data ROC curves were constructed and compared visually and quantitatively by the area under each curve. Decision index plots were also constructed and visualised and the optimum decision index (that cut off value giving the optimum value between true positive rate and false positive rate) was used to compare sensitivities and specificities at these values. It is worthwhile mentioning that the optimum de- the IgG index, IgG ratio and IgG synthesis rate, respectively. Comparison of the three formulae showed that at this specificity the sensitivity, predictive values and efficiency of the IgG synthesis rate was much lower than the other two and therefore we decided not to use this formula as part of the diagnostic repertoire.
In our study group the patients were preselected on clinical grounds towards those with a high suspicion of having multiple sclerosis. As the sensitivity and specificity do not directly indicate how a test will perform in a population it is essential to compare data when the prevalence of the disease in the study group is known. The positive and negative predictive values (which incorporate disease prevalence) can be used to give an indication of how well the test is performing. It is important, once the decision level has been established, to use predictive values to compare test performance. In our patient group use of the IgG index gave much better positive and negative predictive values and overall test efficiency than the other formulae at the 90% specificity level.
In conclusion, it is apparent from this study that correct evaluation analysis must be applied to any new assay being tested for diagnostic use. 
